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fit. 

(c k y ^ t e> ti fe Mam 2 © ^ ^ tc&igg $ *i r v * * z £ & mn t ? s £ 1 

2 ffiI#200 2-3 09 6 6 64 



#2 0 0.2- 1 8 1 4 5 9 



tit i^s w t tsifcNi i 3 {cia«co^#^#ttiF«fi 0 

[1M15] ffimmm<DWfe3--v Mi, n«-(n>l) <M5t:i-y 
h SrlMfcfc Ut, KTtex U TO-gptf&WffcSftT 3 i: &4$R 

[0 0 0 1 ]' 
[0 0 0 2] 

r^co^] 

0. 1 MmfM^L S I K&^TiZ, i^7^ - * ©«*>o£ £#Jtf 
[0 0 0 3] 
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[0 0 0 4] 

IZ ®M S it ft # & M * ©jRf-ff ffi A # - > & Stff 5 „ 
[0 0 0 5] 

[0 0 0 6] 

£©{Cft£ 0 ^WMA 0 ^->^^VAffi^iCt>fcoT«$n^fc«), ig 

[0 0 0 7] 

2) Mf^y^©^ 7? Mi', if0L S i;£tt#tt|||*lfefc©fcfcoTU 
&Cft£ 0 Ifc^ot, »&4xfciW£*S*tt;, HI£©LS IT^t^K^ot?: 

iEflitcfi.WE ufc * © -e ft ^ i: ^ e> mm#£. v s. 

[0 0 0 8] 

. e> o b k i & §iM<?)#g£ © u •§> o 
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[0 0 0 9] ' 

[0010] 
[0 0 1 1 ] 

r©i«^iiM(cf bt, t^»«m^#i^ns. b^u * 

[0 0 12] 
[0 0 13] 

5. m!E4# 2 0 0 2 ^ 3 0 9 6 6 6 4 
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[0014] - 

at r £ tcaa^aft* &ifc<o&?M^ * - > ^ ©game £ y , a 

[0 0 15] 
[0 0 16] 
[0017] 

Hlic^t, ^y.yiJ:lc&, rL-v y |s . y \sj i "otfflfttt&titv^. z. 
&.=l- *j h • T l/>f 1 0 tt, 1 4 X 1 4©te^R£fii*3*lfc, $I5£ 

3--y h£LT(Z) 1 9 6 «©3l*9fWa.- V h (MAU) 1 1^£>&oT^£ 0 
[0018] 

3.-.-/ h • y 1 0©±g|Hcl;L i^Ax (I^ffl/UH) 2 0^ XT F 
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1/X38##3**3 1 fiiO'YT Kl^i§#tfS#$l3 2 fctfgeassjiT MS 
A* 2 0, X7Fl/^SIill§l3 lfc<j:t;Y7FU^Mi^l3 2 11 ^tl 

[0019] 

f-*n-^ .(ffimiaei) 33^ rmicitYT fi/* * t^-^ (M^msi) 34 

KUxa^##l8 3 1 Sr^bT, b • 7U>f 1 0 <&&g#fHW3.- y h 1 

itcM*&3>i<5."*fc. ^ 3 4 ^ e, ffi as y 7 k uxaiKi^tt, & 

till Y7KVXMi^3 2£^LT, >y h • 7W 1 O0)#g*ff 
iirL-y h i 1 lZ&ffi2tlZ>„ 
[0 0 2 0] 

0tfmW2ft?^Z>° ftrnfeMW? K4 0 1C&* X7FbX-f3-^3 3fi 
<fctf Y7 Kb^ • ^3-^3 4^ _hIB^AX 2 0 i:#88tS3*l"CV\S. 
, #»SfeSB^.A^ K4 0lc«^aH'(®^tTV%J&VA) tf&gsStiT, MWM 
-^©AA^> a— 7 h • 7N 1 0 60#S*|fM^-^ h 1 1 ^©HS-r-* 

[0 0 2 1 ] 

0 2&, S*lfM^.-^ h i 1 <7>2#$U&£^ti^0T*&£o. S^ltM^-- 
y h 1 1 li, fc£lx.&5otf)^cl 1 a, lib, 11c, lid, llelZft 
S53tirv\$ a 1 a, lib, lie, lid, 1-leJCtt, 

[0 0 2 2] 
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[0 0 2 3] 

mm wmfert*->)'tf$mtstiT\*&o 

[0 0 2 4] 

Illicit fctiiinlMOS h7>^^^I^->i'J 77? 
OS h^>S>'X#£^ti\ E+A^-^CDnMMO S h ^ > (« 
[0 0 2 5] 

Ig^cl 1 d H t i« P 1M0 S> 7 > ^ IS - > x 'J r t 
O S Y^yVx^ &#tf, ifc+7\°#->tf)pMMO S h^>$?X#i!5t®i& (ft 
[0 0 2 6] 

«i i fctmzv yyx^v-zmfertz-yx.v TT'S>'J, 

[0 0 2 7] 

t«J&3ftT^£o Lfc*«oT, #I«i.la,.Hb, lie, lid, 11 
[0 0 2 8] 

AH 4l0nSMOSh7>yx^l 1 a-1, lla-2, 1 1 a -3, lla-4 
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„ n^MO S h^yVT^Z 1 1 a— 1, 11 a-2, lla-3, lla-40#^- h 
It. SW^l 1 a-GlzmmZftT^&o nlMOSh7>^^l l a-1, 1 
1 a-2, lla-3, 1 1 a -4(7)& K W > tt> $J£j» I f +> MS 

i^Vst, it^V s I f -£|g«3ftTV*<&.' nMMOSh 

5>^X#1 1 a-l, 1 1 a-2, 1 1 a -3, 1 1 a -4©#7 -;Ui&MfCg^2 
tlTV^& Q Ml/tit^ 1 1 a-5{i v nSEMO S b^>S>^# 1 1 a-2, 1 1 a-3 
(DV-*m^m2tiT^Z>o n!MOSN7>^^ 1 1 a-l, 11a 

-2©V-^r^lCttW^^l 1 a-7#\ nlMOS h^>^X# 1 1 a-3, 1 1 
a -40D V - 7. P«1 (C lif^ffili 1 1 a-8#, ^4x€ft^ifi;*ftT^<g> 0 
[0 0 2 9] 

r©&&M£lin&tf>^, if+, H-ISi:W^if^U 

mmm?i 1 a-5®&m#R&> rsa©^; d) t^nso 

[0 0 3 0] 

R = Vs/I f - ( 1 ) 

IftSCBGMS (fc£;U£, Tjames C. Chen, Dennis Sylvester, Chenming 
Hu, Hitoshi Aoki, Sam Nakagawa, Soo-Young Oh, "An On-Chip, Interconnect 
Capacitance Characterization Method with Sub-Femto-Farad Resolution," 
Proc. IEEE 1997 Int. Conference on Microelectronic Test Structures, vol 
10, pp. 77-80, March 1997. j #flg) JC J; V#^Lfe^{CpV^T^LTV>-2>, 
[0 0 3 1]. 

$:MtSpSMOSb7>^X^ (Ml) 1 1 b-lt nSMO S h^yV^Z 
(M2) 1 1 b-2, ®Am^frt>&Z>WM&m*l l b-3, K08&T .1 b-4 

, 11 b-5, ;7@»1 lb-6, £ <fct>\ A yA-#m& L 1 b-7, ll b-8,. 
1 1 b-9, 1 1 b-10 , 1 1 b-11 £#bT#JEft3*lTV^. 
[0 0 3 2] 

plMOS 1 1 b-10V-^tt§iMilVDD (s e n s 
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e) IC, ¥- h (3SHF-A) tt^->K0ttl 1 b-4©m*S8K:, 
TV^ 0 nlMOSh7>^X^l lb-2©y-^(^7>K (GND (sen 
s e) ) (C, >f- h (SS^B) iZJrmmi 1 b-6(Dffiij^C ^tl^JlgM^S 
ttWJg|R-?-l 1 b-3tt, piMO S V^yVTs* 1 1 b-lfeitfnl 
MO S h 9 1 i b-2ffi*»KW> (^C) fcJgilSfcflPiaiKlSiKSix 

[0 0 3 3] 

T^ Kim&i i \>-^-a<Dx±n\tun^i i b-12 izmm^ti. mho 
Ajj^i i b-13 iz\tMMzuv?-tfmmznz> ieac&orv^., r(z>-7->F 

Ml 1 b-5<Z)m^J^tt, -f>A-#II!i&l 1 b-Y^A^C^c^tlT^S, 

yA-$m$&l 1 b-7©miJs^tt, ±IB^> Ktll^l 1 b-4<Z>-#(£>A;^;}3 
£X$±mJ Tm& 1 1 b-6<Z)-^©A*^tC, ^;ft^;ftS$i£*iTV^ 0 

±iE-r>^-^ms«&i i b-7<7)m±r^tt, -Y^/^-^iag&i i b-soAiJ^ti 

M2ftT^3„ r(Z)-r>^-^EI55&l 1 b-86Dffi^tt, -f >A-#|IJ!& 1 1 b 
--9IS8&1 1 b-10 0DA*iSlCS^.3-*iTV>5.- 3 <Z)-f > A- # ISft'l l b -10 

©m*a»tt, >/\*-#nn&i i b -ii cDA^^jc^M^nxvN^o r<7)-r>A 
±aa>riaKn i b-6®fa^©A*^tc, -en^jgiKstiTv^c 

[0 0 3 4] 

m .(b) JC^<fce> pMMO S h7>^X^ 1 1 b-lfe J:tf nMMO S 

1 1 b-Z^MfC^bftVvJ;^ ^A£J:t>*^B<Z)m& (tftj^) 
^iI$tlTV.vS 0 ^CtC^M^tlfeM^^l 1 b-3&, 
VDD (sense) t Z'^y K (G.N D (sense) ) £ CDH'f&ll V ddc 

[0 0 3 5] 

S8i&>Dy *©M«t£f c, Ml^ffltlVDD (sense) <0^« 
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2) T^« 0 

[0 0 3 6] 

Cd = Iddc/ (f c - Vddc) -(2) 

Imo s h^ypTstmfemmt. nmuo s h^>^x#^&£ 

tl^llc-10y-h^ h7>X77^f-h 1 1 c-2 

$:^bt, i!l^^n-G a t e^C^$tlTV^€> 0 1 U-10FI/ 

^Vttl^n-Draini:, y-Xttl^f n-S o u r c e(C, -^n 
etl^StlT^So MJ^it^l 1 c-KZ)^- MC&, nlMO Sh7 

ypx# l l c-3cd :y#^l?e£*iT^£„ 

[0 0 3 7] 

KOniMOS h^>^X# 1 1 c-3C7)V-7;&^i&£ft, >f- Ntt, ±13 h 
^y^Vy^f- V 1 1 c-260pMMO S h^>^#«<D^- h&J:tM 

#hi {&i i c-4(7)m*^8^c^tl^tl^$4^Tv^-^> 0 3<?m >a-#hi!& 1 1 c 

-^A^lCkL WfliaS^l 1 c-5£ J:tF_hiB h7>777^f- h 1 

1 c-2©nSMO S h^>i/^^ffi!l©>f - N ^$1x2 tlT V^ 0 
[0 0 3 8] 

Wfeft* n - Source fflJC, #f M©fc«)©/U7Xffi^M$tl5o 
*9*t»^ 1 1 c-5#{£«&tf>^HC&, Sl^l l c-l<Z)>f- h«tt^.»«5 

ngMo s v^yVTsZteXyf&o WMffi^-i ic-5#.Mti© 

i*UCJ;*J, nlMO S 15>^*«5t>-U WH&3k¥l 1 c-1© 
[0 0 3 9] 

iMos h^^^x^iiw^ia^ttV fcfcittf, eIMos v^yv^^^hta^ 

mm^m^i i d-w^-hi>\ v^y^yrf-v {x^v+mm iid-2 
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£^LT, P«?p-G.a t e tCgBRSft/t ^6. Ml^lt^l 1 d-ltf) Kb 
>f >ttil^^P -D r a i n (C, V - X tiM^^ P - Source.^ 
fjft8883ftTV>&. tlWl 1 .d-l©>f- P§?MOSh7 

1 1 d-3(D KW >#g^£*lT^3o 
[0 0 4 0] 

J©i>SMOSh7>^l l'd-3©V-XtCliS®VDD*^iK3*l, 4* 
- h tt, -hlH h5>X77 ; f- h 1 1 d -2© n SM.O S h =y y P7, * MCDtf- h 

is ^mm^ i i d-4iz?ti^nmm£nx^z> 0 tt~. mnm*i 1 d-4ic 

ft, ^f>A-dtja» 1 1 d-5<DA7J)$#^$ftT^So ^<Z)-f yA-#m&i 

I d-5©ffi±J8tt; ±IB>5>X77^f- h 1 1 d-20pSMOS h9>^X# 

[0 0 4 1 ] 

. 3©pMMOSh7>^^If»#^ I$«fp-Drai : nfe<J:tf 
$l5g>Wp - S o u r c e'la'tC. fctf>©A>f T xm&tfWMZtlZ , 

mfflHtf-i i d-4#{sm&tf)#i^c&, KtwsiR^i i d-i©>f-MTOi. 

& U , pIMOS K7> S?'^ 2 tt* "7 "T -2. . 0JfP^ 1 1 d -4Wm%&<Z>& 
^Cit »^a^l l.d-1©^'- M^^P -G a t e(Z)Sfe#PMD$ 

[0 0 4 2] 

i/- * M^iu^ii. £ £ x if. v y 9* is u-$Bfrb&z> MWfem® 1 1 e 

-1, y/i~$m$&l 1 e-2, frffimmi l e-3, £J:t>\ tf}#A>y77 (bf 
^Xf-b -71777) 1 1 e^^LT^^tlTV^,, 
[0 0 4 3] 

1 e-Ht 1 m<Di-y F®!&1 1 e-la £ 6i©>f 

II e-lb , 1 1 e-lc , 1 1 e-ld , 1 l e-le, 11 e-lf , 1 1 e -lg £ 
Avi^&oTV^o _fcfa-t-> 1 1 e-la 0-75©A7J^{Cii> ffJW®^ 1 1 
e-5£J:t>*±fBffi7jrW77 1 1 e-^^n?nWMZtlT^Z> 0 3C0t-> K® 
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S&l 1 e-la ©ffi^jgtt, >f>M-#[Si&l 1 e-lb © A#2{fitCjgM£ tlT ^5 
.. «rCD-r >A-^tUB& 1 1 e-lb (D&jimZ. 4>rt*-#m%tl 1 e-lc ©Aii 

'^icsaBsjiTv^. 3©-r>/i-^nii^i i e-ic ©.m^asm, *ia 

& lie -id <Z)A*«tcS5iRS'*lTV^. Z(D>( >/i-?m& X 1 e -Id 

>f>A-#®&l 1 e-le (DA*5Sfe itK>f > A- * 1 le-2<Z>A7J- 
«Kl**l-?tljKKS*lTV^S. 0 >A*-#IS&1 1 e-le ©m^J*tt, >f>A*- 
*®S&1 1 e-lf ;, ©A*^&Cg^$;ftTV^ 0 30M>A-#lII{i&l l e-lf (7) 

m^ssm, >f yx~#m&x i e-ig . a)"A*aetctg«is*iTv'>s.. ;i<7M:w*- 

.*|0ifr'll e-lg ©ffi^te, ±IBf-> 1 e-la <7)tf&#© A^JC^M 
[0 0 4 4] 

-V77 1 1 e-40A^SBtC^StlTV^«5, r <D&±lA y 7 y 1 1 e-40>m#*g 

[0 0 4 5] • 

*JS©^>Kia»l l e-la H£ 3*1*. J:raT, «i£0» 

7<fXf-h • 7 1 1 e-4», 1 e -5#{g«&tf>£#>, Wfeffi 

t&^lCtt, *ja©^>KBI»l 1 e-la ^o-^0Atf (ffi^COAiJ^) 

fit, Z<DftM&j]tf* ftffimmi. 1 e-3iC<fcoT#M£*l£#, Mfe 

0 J; »Jffl#§4l&. ffifffflg?], 1 e-5^m^^li, 

[0 0 4 6] 

Ej8&^b0i Hi> I^;U 2 o ©iM&^ttiffltfeSc *mMBM<D 
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~® i i ic-en^ti^-t^ s u->i^u (Hi ©a*) 2 2, 23, 24^ 

[0 0 4 7] . 

^>y^^/U2 i&, fe'i:^«ia8ic^^j;Q(c, m^mmm.m^^ 

7s) 2 1 a, ££tf, Z<Dm$famm2 1 ai:tt^SM©«^lflIiBij« («("J 
AX) 2 1 bj^&S* 7 ^ailt$tiTVNS; #^©B2^2 1 a, 2 1b© 

»*itM^-^ h 1 1 v>mmc>mM^m%-m\*nT^z> 0 ^ it, & 

£,£X&V^, @g^2 1 a, 2 1 b&, tfT2 1 ctCJro'tffiSfCg^^nT^ 
£fc. MB2 la, 2 1b(l ^|nJ@B^2 1 b £|WfD®^&£^gB||2 
ld^lt, $I£$H^y K4 0C0-^hjt^$tlTVN^ o 
[0 0 4 8] 

^IfM^--^ h l l ©±Jfic&, tz.t^\i, S*ff$!U->y h l .1 © 
[0 0 4 9] 
[0 0 5 0] 

^hl/-Sig;U2 2 1t fe^xtf09(C^tJ:-S){C, ±sBM?j 2 1 
b £|^£Jf©|ft#f«JiaiSI (MTjIrI^X) 2 2 afr<b&£;* h^-f ^^^^tlT 
V^ 0 B2IR2-2ali, ±fS* >y i/aK/tX 2 1 ©«ftgH$l 2 1 b © 

o £ fc, #fB!§l 2 2 a ti, nlMOSh7y^^*fettpSMOSh7>^ 
#/^&3*§#U-f 2 b, 1112 2 0^11, MfcSSB^y 
K 4 o © — d ^ $ ti T ^ s 0 

[0 0 5 1 ] 

3§#< X y ^ 2 2 b © -£ ti -e' ti ii, £ £ X. «> _hIB Y T K V 7. m$H8 %B 3 2 
;^©fg#K:J;oTfM3ti£,, t^^^>> ^X-T-yf-2 2 b fcfc, &S#ff$J 
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m 

[0 0 5 2] 

t<fc-5^;±IB'«t^lRlffii»2-l bfcESJt©8£ffi«l». 2 3 afr 

Stl*^^) 2 3 b, 3 c, fe<fctf, ^Ifr ? n y 1)SV7r 2 3 d £ 

[0 0 5 3] 

mfertxMM?- h 2 3 b ©^tl^tltt, JifcIYT KU'xSIR## 

ij»3 2^'e>©##tCJ:oTM«f$4xS6 "T^t)^, iUHfcA^jg^- h 2 3 b IC 

[0,0 5 4] 

±ami uzm-t j:iajtt*i^sii'2 1 binncjfo^tnjsgn m^k 

ffiitSnT^a _(#IHK:ov^l±/«3*-rs)'. *'fe,--#p2i»2-4 att/W^A 
XlUr- h (I^^yf) 24 b, «BBij»24c, fcJ;t>\ iitl}*/1»;7 

[0 0 5 5] 

mfcrtxmm?-' > 2 4 b<z>^*ien&; jiieytki/x^^ 

■»3-'2^e>©^lCj:oTW#S*i6p M/tXl^- h 2 4 b tC 
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[0 0 5 6] 
[0 0 5 7] 

+ , If-, Vs+, Vs-tfD#*#\ H9 iC^LfeX hi/- hiU^AX 2 20 
i£*|njra2 2 a0^n-?tl{C®M$tlTVN§ o 3<Z)*§£\ HJRX y 2 2 b 

[0 0 5 8] 

[0 0 5 9] 

HVD.D (sense) t>\ 0 9 iZmbtcX b I/ — hill^AX 2 2 [bJKJH 
2 2 ah^M^tlTV^ (jg^X-f y^2 2 bttpMMOS K9>S?**) „ * 
fe, t>Mllb-50A^ (l^'DyfA*) 1 1 b-13 *\ @10C 
h V- 2 3 CDlft^ IfilKIK 2 3 a £&M'3*lT V^5o G 

ND (sense) 2)^ ^ 8 IC^Lfe* y */;x?ft[3iA:* 2 1 DfC^M£*l§ 
. 3 fetC, i<J«?l 1 b-12 tCtt, X7K1/Xl^f^3 l£«fctfY7Kl' 

[0 0 6 0] 

IbJ@B^2 3 a J; »J <fc o IZ~? -£>„ 3*UCj; U, CB CM^iCioTil- 

n^m^ntcM^mmt. xbu- 2 2<bm^iqisMi2 2 a 

1R mHF«*2 0 0 2 - 3 0 9 6 6 6 4 
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[0 0 6 1 ] 

i^&n-Drain, n-Source, n — Ga t e t)\ M 

1 1 X7FU^IM^3 1 £it>*YT Kl^ilJR{f^|3 2 C7)i& 

S^^SO^y? O^LT^&W #jg|j|£;flTV^<, 
[0 0 6 2] 

iCOnMMO S h^yis^Zmfemmz&^TU, 2 1 £^ 

[0 0 6 3] 

pSmo s h^yyxzmfem® (0 6#i) <ai§£\ i^u - ^^b^i' 

M^?p -D r a i n, p - Source, p-Gate©^^ g 

i ld-^c^, xTFisxmmm^m3 l^^t^Yr^u^mmm^ns 20m 

[0 0 6 4] 
[0 0 6 5] 

If^F 0 7b\ 0 1 1 {C^LfcX hi/ - MI^^X 2 4 <7)M^ftIB3i2 4 a £ 

^H^TV^ UM^l 1 e.-5&C&, XT Fl^X^fI^H3 1 fej; 

[0 0 6 6] 
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7M(D* V i/^fflferfX 2 1 £ 5^0)m^l^mB2 2 a,, 1 i^(DWt1i^\MU 2 
3 a, fcitf, 1 *(7)«tSlSSH2 4 a i:^#J^J^T^tlTV^§ <) o£< j, 
|fM^-;y h 1 1 "19 6 (=14 x 1 4 ) " tUd^ 2 

Ott, 7|I©^7i/aIg;U2 lil, 70 (= 1 4 X 5) #<AM^|nlIill|2 2 
a hi/ - hlg/U 2 2, 1 4 #cO«#ft@eH 2 3 a>W"t£* h 1/ 

- h$j£rU2 3, 1 4*(Z)M^I«]®2II2 4 a ^ft^X h U- 

AX 2 4 ^C±oT*if&£tlTV^ 0 • 
[0 0 6 7] 

$l5t/^:X2 0&, »i?ll a-5, llb-3, ll c-l. -l l d-l 
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